Abstract. The present study examined differential expression levels of DNA damage repair genes in COLO 205 colorectal cancer cells, with the aim of identifying novel biomarkers for the molecular diagnosis and treatment of colorectal cancer. COLO 205-derived cell spheres were cultured in serum-free medium supplemented with cell factors, and CD133
cells were subsequently sorted using an indirect CD133 microbead kit. In vitro differentiation and tumorigenicity assays in BABA/c nude mice were performed to determine whether the CD133 + cells also possessed stem cell characteristics, in addition to the COLO 205 and CD133 -cells. RNA sequencing was employed for the analysis of differential gene expression levels at the mRNA level, which was determined using reverse transcription-quantitative polymerase chain reaction. The mRNA expression levels of 43 genes varied in all three types of colon cancer cells (false discovery rate ≤0.05; fold change ≥2). Of these 43 genes, 30 were differentially expressed (8 upregulated -cells and CD133 + cells may therefore provide a reference for molecular diagnosis, therapeutic target selection and determination of the treatment and prognosis for colorectal cancer.
Introduction
Mammalian cells are exposed to numerous sources of DNA damage, and have therefore evolved DNA damage response signaling pathways to monitor genome integrity (1) (2) (3) . In the last 30 years, a number of studies investigated the molecular mechanisms underlying the DNA damage response, and previous studies have revealed complex and profound changes in genome integrity and gene expression levels (4) (5) (6) . More than 180 genes have been demonstrated to be directly or indirectly involved in the biological processes underlying DNA repair. Individuals with inherited deficiencies in the three major components involved in the DNA damage response, sensors, signal transducers and effectors have been identified (7, 8) . These components function by detecting several forms of DNA damage and triggering DNA damage response cascades (9) . Examples of core sensors include the ataxia telangiectasia mutated (ATM) (10) , ATM-Rad3-related (11) and DNA-dependent protein kinases, which are crucial to the DNA damage response signaling pathway (12, 13) . Signal transducers include the tumor protein p53, which has numerous roles in various DNA repair signaling pathways (14) . Effectors that respond to the cellular stress of DNA damage include cyclin-dependent kinase inhibitor 1A (15) , growth arrest and DNA-damage-inducible α, p53 dependent G 2 arrest mediator candidate and damage-specific DNA binding protein 2, all of which are regulated by p53 (16, 17) . Among the 180 genes involved in several repair signaling pathways, numerous genes are regulated by epigenetic mechanisms and are frequently downregulated or silenced in various types of cancer (18 (19) (20) (21) (22) (23) (24) (25) .
In the present study, changes in the expression levels of DNA damage repair genes were determined using gene expression profile analysis through second-generation sequencing in cluster of differentiation (CD) 133 + /CD133 -colorectal cancer cells (26, 27) . The current study, therefore, aimed to enhance the understanding of the complex gene regulation network in cancer cells and to identify novel candidate genes for cancer therapy.
Materials and methods
Cell lines, animal models and reagents. The COLO 205 human colorectal cancer cell line was obtained from the Cell Resource Center of the Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai, China). BALB/c nude mice were obtained from the Laboratory Animal Center of Daping Hospital of the Third Military Medical University (Chongqing, China) and kept in a specific-pathogen-free animal facility. A total of twelve 5-week-old, 18-22 g specific-pathogen-free male Balb/c nude mice were purchased from the Laboratory Animal Center of Daping Hospital of the Third Military Medical University (Chongqing, China) and maintained in a pathogen-free animal facility. The study protocol was approved by Animal ethics committee of Zunyi Medical University (Zunyi, China). The present study followed guidelines of the Zunyi Medical University for Biomodel Organisms during this study.
A human CD133 MicroBead Kit (cat. no., 130-050-801) was purchased from Miltenyi Biotec GmbH (Bergisch Gladbach, Germany). B27 supplement, cell factors including recombinant human alkaline fibroblast growth factor (rh-AFGF), recombinant human epidermal cell growth factor (rh-ECGF), and recombinant human leukemia inhibitory factor (rh-LIF) and kits for RNA isolation, purification and quantification were all purchased from Invitrogen (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Fetal bovine serum, media (Dulbecco's modified Eagle's medium/nutrient mixture F-12, DMEM/F-12; RPMI-1640) and trypsin were purchased from Gibco (Thermo Fisher Scientific, Inc.). Dimethyl sulfoxide and all other laboratory chemicals were purchased from Sigma-Aldrich (Merck Millipore, Darmstadt, Germany). The kits for sequencing library construction, Low Input Library Prep Kit HT (cat. no., 634900), DNA Standards for Library Quantification (cat. no., 638325) and gene expression profile analysis were obtained from Illumina, Inc. (San Diego, CA, USA). Reagents for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis were purchased from Takara Biotechnology Co., Ltd. (Dalian, China). The primers used for gene expression analysis (Table I) were synthesized by Invitrogen (Thermo Fisher Scientific, Inc.) and preserved in Zunyi Key Laboratory of Genetic Diagnosis & Targeted Drug Therapy.
Cell culture and isolation. These processes were performed according to previous protocol (28, 29) . The COLO 205 cells were maintained in RPMI-1640 supplemented with 10% fetal bovine serum until the logarithmic growth phase and were subsequently transferred to serum-free medium (SFM; DMEM/F-12 supplemented with 2% B27 supplement, 2 ng/ml recombinant human alkaline fibroblast growth factor, 2 ng/ml recombinant human epidermal cell growth factor, and 2 ng/ml recombinant human leukemia inhibitory factor) for 10 days until cell spheres formed. Cell morphology was observed by inverted fluorescence microscopy in order to detect cell adherence and growth.
Single cells separated from spheres were collected for CD133 cell isolation using a cell isolation kit (Miltenyi Biotec Inc., Shanghai, China) according to the manufacturer's protocol. Briefly, the single cell suspension was centrifuged at 800 x g for 10 min at room temperature, washed 3 times with PBS and resuspended in 300 µl isolation buffer (Miltenyi Biotec Inc., Shanghai, China). Subsequently, 100 µl FcR blocking reagent and 100 µl CD133 immunomagnetic beads (Miltenyi Biotec Inc., Shanghai, China) were added. The cell suspension was incubated at 4˚C for 30 min. The cells were washed with 2 ml isolation buffer and centrifuged at 800 x g for 10 min at room temperature followed by resuspension in 500 µl isolation buffer. An MS column (Miltenyi Biotec Inc., Shanghai, China) was washed with 500 µl isolation buffer, to which the cells were added for isolation.
Cell differentiation and tumorigenicity assay in nude mice.
Upon isolation of the CD133 + and CD133 -cells, cell densities were adjusted to 5,000 cells/ml. For the differentiation assay, 1 ml isolated CD133
+ and CD133 -cell suspensions were inoculated in SFM and cultured at 37˚C with 5% CO 2 for one week. Every two days, 2 ml SFM was added until differentiated cells formed under fluorescence microscope. For the tumorigenicity assay, the cells were divided into three groups including the isolated CD133 + and CD133 -cells and the unisolated COLO 205 cells, each were diluted with normal saline to a density of 1,000, 10,000, and 10,0000 cells/ml, respectively. Subsequently, various numbers of cells (1,000, 10000, and 10,0000) were injected into the axilla and the left groin of each nude mouse by subcutaneous injection. For the control mice, 1 ml normal saline was injected into the right groin. A total of 45 days subsequent to injection with cells or normal saline, all the animals were sacrificed via cervical dislocation.
RNA extraction, cDNA synthesis and expression profile sequencing. In total, 20 µg RNA was extracted separately from the isolated CD133 + and CD133 -cells and the unisolated COLO 205 cells using TRIzol ® reagent (Thermo Fisher Scientific, Inc.), and mRNA was purified from total RNA using the Dynabeads ® mRNA Purification kit, following the manufacturer's protocol (Thermo Fisher Scientific, Inc.). For cDNA synthesis and sequencing library construction, 5 µg RNA was processed using the TruSeq™ RNA Sample Prep kit (Illumina, Inc., San Diego, CA, USA). The library was constructed with an anchored oligo-dT primer, which initiated cDNA synthesis and added a universal primer sequence (TGCGAATT). The cDNA was polynucleotide tailed by the RT, producing a 3' overhanging tail. The cDNA was amplified by PCR with the reverse complementary sequence of the 3' overhanging tail and quantified using a TBS-380 Picogreen kit (Illumina, Inc. San Diego, CA, USA.). The library DNA was recovered using Certified Low Range Ultra Agarose (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Briefly, DNA fragments were separated by agarose gel electrophoresis and the band was cut out and placed in a dissolving buffer [10 mM Tris-HCl (pH 8.0), 1 mM EDTA and 200 mM KCl] with an equal volume of phenol. Subsequently, the mixture was frozen and thawed 3 times on dry ice. Aqueous supernatant was collected by centrifugation at 10,000 x g for 5 min at room temperature. Then, dilution buffer [100 mM Tris, 15% EtOH and 900 mM KCl (pH 6.3)] was added to the final optimized concentration [33 mM Tris, 5% EtOH and 300 mM KCl (pH 6.3)] and the DNA was precipitated by adding of isopropanol (final concentration: 40%, v/v ), followed by centrifugation at 10,000 x g for 15 min at 4˚C. The pellet was washed with 70% ethanol, air-dried and dissolved in an appropriate buffer [10 mM Tris-HCl 1 mM EDTA (pH 7.6)] prior to further experiments.
Bridge amplification was performed using a cBot TruSeq PE Cluster kit v3-cBot-HS (Illumina, Inc., San Diego, CA, USA) followed by 200 cycles of DNA sequencing with a HiSeq 2000 TruSeq SBS kit v3-HS (Illumina, Inc. San Diego, CA, USA).
Gene expression profile analysis. Subsequent to sequencing, raw reads were trimmed by stripping the adaptor sequences and ambiguous nucleotides using SeqPrep (v 1.2.1; https://github.com/jstjohn/SeqPrep) and Sickle (v 0.3; https://github.com/najoshi/sickle). Following background subtraction and quantile normalization, the signal intensity values from the three group cells were exported to TopHat software (v 2.0.0-beta5; http://tophat.cbcb.umd.edu) for genome mapping, respectively. Gene expression analysis was performed using the Cuffdiff program (v 2.2.0) from the Cufflinks suite (http://cufflinks.cbcb.umd.edu) and differentially expressed genes were identified using the NOISeq workflow (v 2.16.0) in R software. Gene ontology analysis was conducted using goatools (v 0.6.10) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis was performed using KEGG-Orthhology Based Annotation System (KOBAS; v 2.1.1). For a gene to be classified as differentially expressed, Statistical significance of the gene expression model was evaluated with an ANOVA (analysis of variance) test that comparatively evaluated the variance in isolated CD133
+ and CD133 -cells as well as the unisolated COLO 205 cells of gene expression. Differential expression was assessed using moderated t-statistics and false discovery rate <5%. q<0.05 was considered to indicate a statistically significant difference, whilst fold-changes were required to be >2 or <0.5.
RT-qPCR.
To evaluate the differentially expressed genes observed during expression profile sequencing analysis, 11 genes were analyzed by real-time RT-qPCR using an MyiQ™ 2 Two-Color Real-Time PCR Detection system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The β-actin gene (accession number NM_0011101.3; National Center for Biotechnology Information) was used as the endogenous control. The primers (Table I) were designed using Primer Premier Software version 5.0 (Premier Biosoft International, Palo Alto, CA, USA). Total RNA (2.5 µg) was used as a template for cDNA synthesis in 50 µl RT reactions using the SuperScript ® IV Reverse Transcriptase kit (Thermo Fisher Scientific, Inc.). In total, 1 µl cDNA was added into SYBR Green Real-Time PCR Master Mixes (Thermo Fisher Scientific, Inc.) for 25 µl PCR reactions. The following thermal profile was used for RT-qPCR amplification: initial denaturation for 3 min at 95˚C, followed by 40 cycles of denaturation for 10 sec at 95˚C, annealing for 30 sec at 58˚C and a thermal denaturing step from 55 to 95˚C (duration, 5 sec/0.5˚C) to generate melt curves for the determination of amplification specificity. The data were statistically analyzed using the 2 -ΔΔCq method (30) .
Results

Identification of cancer stem cells.
Following incubation with SFM for 1 day, the COLO 205 cells showed characteristics of low cell adherence and growth (Fig. 1A) . The cells in the suspension culture demonstrated logarithmic growth and significantly increased (P= 0.03) numbers of floating spheres after 5 days (Fig. 1B) . After 7 days, the floating spheres began to collapse, with a small number of regular-shaped cells remaining strongly attached to one another (Fig. 1C) . The surface of floating spheres appeared smoother and denser as the cell generation number increased (Fig. 1D ).
Following isolation with immunomagnetic beads and culture in SFM for 1 day, the CD133 + cells exhibited suspended growth, and grouped to form typical tumor spheres after 4 days, whereas spheres were absent from the CD133 -cell cultures ( Fig. 2A) . Once fetal calf serum was added to the SFM, all the spheres derived from the CD133 + cells adhered within 1 day and numerous differentiated cells with the same shape as the COLO 205 cells emerged in the region surrounding the spheres after three days (Fig. 2B ).
Following injection with cancer cells or normal saline, the tumor growth of the nude mice was observed and recorded daily (Fig. 3) . No visible tumors were observed in the nude mice injected with the CD133 -cells (Fig. 3A-a , B-a and C-a) or normal saline. In the group injected with CD133 + cells, visible tumors were observed in the left axilla of all nude mice at 15, 20 and 30 days post-injection with 1,000 (Fig. 3A-b) , 10,000 (Fig. 3B-b) and 100,000 cells (Fig. 3C-b) . In the group injected with the COLO 205 cells, only two visible tumors were observed in the left groin of the nine nude mice 35 days post-injection with 10,000 cells (Fig. 3B-c and. C-c) The results of KEGG pathway analysis revealed 14 signaling pathways that were implicated among the 40 DNA damage repair genes that were observed to be differentially expressed during the present study (Table II) .
Expression analysis of differential genes. Changes in the mRNA expression levels of three genes, the conserved DNA damage response gene TP53, B-cell lymphoma/leukemia 11A (BCL-11a) and zinc-finger protein 1 (ZF1), in various cells were compared in order to examine the reliability of the results obtained from expression profile sequencing. The data were concordant between the results of the two methods of expression profile sequencing and RT-qPCR (Fig. 5) . 
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Discussion
Of the 12 genes involved in base excision repair and break joining, no variation in gene expression levels was observed in the CD133 -cells, as compared with the CD133 + cells; however, the expression levels of four genes were downregulated in the CD133 -cells, compared with the COLO 205 cells, and the expression levels of three genes were downregulated in the CD133 -cells, compared with the CD133 + cells. Of these genes, uracil-DNA glycosylase and poly (adenosine diphosphate-ribose) polymerase 3 were downregulated in the COLO 205 cells and the CD133 + cells. In CD133 -cells, nth endonuclease III-like 1, N-methylpurine DNA glycosylase, nei endonuclease VIII-like 1 and apurinic/apyrimidinic endodeoxyribonuclease 1 were downregulated, compared with the CD133 + cells. As those genes that were downregulated in expression are all involved in base excision repair (31) By contrast, no marked changes in the expression levels of the ten genes involved in the mismatch excision repair signaling pathway were detected in all three types of cells, with the exception of postmeiotic segregation increased 2-like protein 3, which was upregulated in the CD133 -cells, compared with the CD133 + cells. Nucleotide excision repair (NER) is a complex biological process, involving more than 29 genes that are able to correct DNA damage through nuclease cleavage of the damaged base, removal of the damaged oligonuclotide and resynthesis using the undamaged strand as the template (34) . No significant changes in gene expression levels were observed in the CD133 + cells compared with the COLO 205 cells and the CD133 -cells. By contrast, five genes were differentially expressed, with the expression of four genes downregulated and upregulated for one gene in the CD133 -cells, compared with COLO 205 cells. Replication protein A1 (RPA1) and replication protein A2 (RPA2) are components of the alternative RPA complex, which is essential for the binding and stabilizing of single-stranded DNA intermediates, preventing the reannealing of complementary DNA (35) . Therefore, downregulation of the expression of these two genes may reduce the NER capacity of CD133 -cells. As components of the seven Table II . Continued. , CD133 -and COLO 205 cells from expression profile sequencing. FKPM, fragments per kilobase of exon per million fragments mapped; UNG, uracil DNA glycosylase; NTHL1, Nth endonuclease III-Like 1; MPG, N-methylpurine DNA glycosylase; NEIL3, nei like DNA glycosylase 3; APEX1, apurinic/apyrimidinic endodeoxyribonuclease 1; PARP3, poly(ADP-ribose) polymerase family, member 3; MGMT, O 6 -methylguanine DNA methyltransferase; ALKBH3, AlkB homolog 3, alpha-ketoglutarate-dependent dioxygenase; PMS2L3, PMS1 homolog 2, mismatch repair system component pseudogene 3; RPA1, replication protein A1; RPA2, replication protein A2; GTF2H4, general transcription factor IIH subunit 4; MNAT1, cyclin dependent kinase activating kinase assembly factor; ERCC4, excision repair cross-complementation group 4; DMC1, DNA meiotic recombinase 1; SHFM1, split hand/foot malformation (ectrodactyly) type 1; MRE11A, meiotic recombination 11 homolog A; GEN1, Holliday junction 5' flap endonuclease; BRIP1, breast cancer A interacting protein C-terminal helicase 1; FAAP20, fanconi anemia core complex associated protein 20; FAAP24, fanconi anemia core complex associated protein 24; XRCC6, X-ray repair cross-complementing protein 6; NUDT1, nudix hydrolase 1; RRM2B, ribonucleotide reductase regulatory tumor protein 53 inducible subunit M2B; POLN, polymerase (DNA) Nu; FEN1, flap structure-specific endonuclease 1; TREX2, three prime repair exonuclease 2; RAD18, E3 ubiquitin protein ligase; HLTF, helicase-like transcription factor; H2AFX, H2A histone family member X; SETMAR, SET domain and mariner transposase fusion; BLM, bloom syndrome protein; RPA4, replication protein A 30 kDa subunit; PRPF19, Pre-mRNA processing factor 19; RDM1, RAD52 motif containing 1; OBFC2B, nucleic acid binding protein 2; ATR, ataxia telangiectasia and Rad3 related; MDC1, mediator of DNA damage checkpoint protein 1; TP53, tumor protein 53; RIF1, replication timing regulatory factor 1; NER, Nucleotide excision repair; HR, homologous recombination. subunits, as well as kinase subunits of general transcription factor IIH, downregulation of general transcription factor IIH subunit 4 and CDK-activating kinase assembly factor MAT1 expression levels may also reduce the NER capacity (36) of CD133 -cells. As excision repair cross-complementing rodent repair deficiency complementation group 4 (ERCC4) forms a complex with ERCC1 and is involved in the 5' incision made during NER (37) , upregulating ERCC4 expression may affect the nucleotide excision repair capacity of CD133 -cells. More than 19 genes are involved in homologous recombination repair (38) and, in the present study, only 4 of these genes were differentially expressed. As a component of the Mre11-Rad50-Nbs1 (MRN) complex, meiotic recombination 11 homolog A (MRE11A) exhibits single-strand endonuclease activity and double-strand 3'-5' exonuclease activity specific to the MRN complex, which is critical to the processes of double-strand break (DSB) repair, DNA recombination, maintenance of telomere integrity and meiosis (39) Of the 17 genes involved in Fanconi anemia, only three genes exhibited changes in expression levels during the present study. These were as follows: Breast cancer 1 (BRCA1)-interacting protein 1 (BRIP1), involved in the repair of DNA DSBs by BRCA1-dependent homologous recombination (41) ; the 20 kDa Fanconi anemia-associated protein (FAAP20), a component of the Fanconi anemia complex that is required to recruit the complex to DNA interstrand cross-links to promote repair; the 24 kDa Fanconi anemia-associated protein (FAAP24), which regulates Fanconi anemia group D2 protein monoubiquitination upon DNA damage (42) . Seven genes have been reported to be involved in non-homologous end-joining (43), among them, X-ray repair cross complementing 6 (XRCC6) (44) , the 70 kDa subunit of the single-stranded DNA-dependent ATP-dependent helicase II was the only one which gene expression level was changed in CD133
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+ cells compared with CD133 -cells and COLO 205 cells. Downregulation of XRCC6 expression levels (2.173 folds) in CD133 -cells, compared with COLO 205 cells, may have a negative effect on the non-homologous end joining capacity of CD133 -cells. Three genes are involved in the modulation of nucleotide pools during the process of DNA damage repair in human cells (45) . As an antimutagen, nucleoside diphosphate linked moiety X-type motif 1 (NUDT1) hydrolyzes oxidized purine nucleoside triphosphates, preventing the misincorporation of nucleotides (46) . Downregulation of NUDT1 expression levels in CD133
-cells may reduce their capacity to sanitize oxidized nucleotide pools and increase the risk of misincorporation. In addition, the small subunit 2 of the p53-inducible ribonucleotide reductase catalyzes the conversion of ribonucleoside diphosphates to deoxyribonucleoside diphosphates (47) . Therefore, the downregulated expression of the ribonucleotide reductase regulatory TP53 inducible subunit M2B in the CD133 + cells, as compared with the CD133 -and COLO 205 cells, may increase cell survival by promoting p53-dependent damage repair and supplying deoxyribonucleotides for DNA damage repair in cells arrested at the G 1 or G 2 phases of the cell cycle (48) .
Although 17 DNA polymerases are involved in DNA damage repair as cofactors or catalytic subunits, only DNA polymerase N (POLN) expression was upregulated in the CD133 -cells, as compared with the COLO 205 cells. As POLN is involved in the repair of DNA crosslinks (49), a change in its expression levels may affect the DNA repair capacity of CD133 -cells. Of the seven editing and processing nucleases involved in DNA damage repair (50), the expression levels of flap structure-specific endonuclease 1 (FEN1) and three prime repair exonuclease 2 (TREX2) were downregulated by 2 fold in the CD133 -cells, as compared with the COLO 205 cells, and the expression of TREX2 was downregulated in the CD133 -cells, compared with the CD133 + cells (2.11 folds) and the COLO 205 cells (2.79 folds). Since FEN1 and TREX2 are involved in DNA replication and mismatch repair, possessing a structure-specific nuclease activity preference for double-stranded DNA with mismatched 3'termini and 5'-flap structures (51) . Therefore, downregulation of the mRNA expression levels of the two enzymes may affect the fidelity of DNA replication in human cells, which can affect the viability of cells.
Among the 11 genes involved in ubiquitination and post-translational protein modification (52) in human cells, only two genes (RAD18 and HLTF) exhibited upregulated expression levels in the CD133 -cells, as compared with the CD133 + and COLO 205 cells. E3 ubiquitin-protein ligase RAD18, which is involved in the post-replication repair of UV-damaged DNA, and helicase-like transcription factor, which functions in the error-free post-replication repair of damaged DNA and the maintenance of genomic stability (53) . HLTF is a SWI2/SNF2-family ATP-dependent chromatin remodeling enzyme that acts in the error-free branch of DNA damage tolerance (DDT), a cellular mechanism that enables replication of damaged DNA while leaving damage repair for a later time (54) . Alterations in the expression levels of these genes may affect the cellular DNA damage repair capacity.
Three genes are known involved in chromatin structure and modification including chromatin assembly factor 1 subunit A (CHAF1A), H2A histone family member X (H2AFX) as well as SET domain and mariner transposase fusion gene (SETMAR). In CD133 -cells, the SETMAR and H2AX genes showing the same downregulated trends in mRNA expression levels compared with the COLO 205 cells and CD133 + cells. Because of H2AX has previously been demonstrated to interact with several types of cancer-associated genes, including mediator of DNA damage checkpoint protein 1 (MDC1), nibrin, tumor protein p53 binding protein 1, bloom syndrome protein, BRCA1, BRCA1-associated RING domain protein 1 and γ-H2AX (phosphorylated on serine 139) (55, 56) , and is, therefore, a sensitive target for locating DSBs in cells. SETMAR specifically methylates histone H3 at lysines 4 and 36 and, therefore, has a role in DNA repair activities, including non-homologous end joining and DSB repair (57) . Downregulation of the expression of SETMAR and H2AX may, therefore, serve a role in DNA damage though chromatin remodeling.
The five genes including Bloom syndrome RecQ like helicase (BLM) , Werner syndrome RecQ like helicase (WRN), RecQ like helicase 4 (RECQL4), ATM serine/threonine kinase (ATM) as well as M-Phase specific PLK1 interacting protein (MPLKIP) that are defective in diseases associated with a sensitivity to DNA damaging agents (58, 59) The results of the present study may provide a reference for molecular diagnosis, therapeutic target selection, determination of treatment and prognostic judgment in colorectal cancer (61) .
